OBJECTIVES: The aim of this study was to assess the prognostic value of different nutritional screening tools in patients undergoing cardiopulmonary bypass, with regard to adverse clinical outcome.
INTRODUCTION
Screening of nutritional status is a necessary aspect of good nutritional practice [1] . Because a variety of pathologies lead to malnutrition, several different tools have been developed for nutritional screening. One such tool designed more than 20 years ago, Subjective Global Assessment (SGA), yields results that are tightly correlated with other objective methods of assessment of nutritional status and has prognostic value with regard to infectious complications [2] . The European guidelines [3] recommend the Malnutrition Universal Screening Tool (MUST) [4] for the nutritional evaluation of adults in the community; Nutritional Risk Screening 2002 (NRS-2002) [5] for the detection of undernutrition and the risk of its development in hospital settings and Mini-Nutritional Assessment (MNA) [6] for elderly patients in home-care programmes, nursing homes and hospitals. The Short Nutrition Assessment Questionnaire (SNAQ) was developed specifically for the hospital outpatient population [7] .
Malnutrition is widespread among patients with cardiovascular diseases and is related to adverse postoperative outcomes. Furthermore, malnutrition occurs in 10-25% of patients undergoing cardiac surgery [8] . However, despite the identification of the specific mechanisms of the development of malnutrition in patients with congestive heart failure leading to cardiac cachexia [9] , a specific tool for nutritional screening in this population has not been designed. Furthermore, the lack of a comparative analysis of different screening tools among cardiac patients leaves clinicians without guidance in selecting the most effective approach. The aim of this study was to compare the five different nutritional screening tools (SGA, MUST, NRS-2002, SNAQ and MNA) with regard to adverse outcome among cardiac patients undergoing cardiopulmonary bypass (CPB).
MATERIALS AND METHODS
This prospective cohort study was approved by the local ethics committee. Inclusion criteria were (i) age >18 years and (ii) scheduled cardiothoracic surgery with CPB. Exclusion criteria were (i) emergency surgery, (ii) pulmonary thromboembolism in need of thrombectomy and (iii) aortic dissection. We obtained informed consent from 1210 adult patients hospitalized between 1st January 2011 and 31st December 2011 and included them in the study. The patients were assessed in the preoperative period within 48 h of admission to the hospital. All patients were screened using five nutritional screening tools, namely, SGA, NRS-2002, MUST, MNA and SNAQ. The following groups of patients were excluded in the analytical phase of investigation: patients who underwent off-pump surgery (n = 13) and those who required deep hypothermic circulatory arrest (n = 4). Thus, 1193 patients were included in the final statistical analysis. Among baseline clinical characteristics, age, gender, presence of diabetes, left ventricle ejection fraction (LVEF), redo surgery, New York Heart Association class of heart failure, logistic EuroSCORE [10] and type of primary diagnosis were analysed.
Nutritional screening was performed by two trained specialists. The specifications of SNAQ, MUST, NRS-2002 and MNA tools are summarized in Table 1 . SGA was performed as universally recognized and previously described [2] . The SGA questionnaire incorporated the patient's history (weight loss, changes in dietary intake, gastrointestinal symptoms and functional capacity), physical examination (muscle, subcutaneous fat, sacral and ankle oedema and ascites) and the clinician's overall judgment of the patient's status (A, well nourished; B, suspected to be malnourished or moderately malnourished and C, severely malnourished). An SGA score of B or C was classified as malnutrition.
A data-collection tool to collect data on the redundant items across the tools was developed. Patients' height and weight were measured on the first day of hospitalization using a measuring station for height and weight SECA 798 (Seca, Hamburg, Germany).
The postoperative follow-up characteristics were prospectively collected. Mortality was defined as in-hospital mortality. Complications were defined as complications observed during hospital stay, including acute heart failure, cardiac rhythm disturbances, sepsis, endocarditis, wound infection, mediastinitis, urinary tract infection and pneumonia. A prolonged intensive care unit (ICU) stay was defined as that of more than 2 days. Prolonged hospitalization was defined as hospitalization for more than 20 days.
Acute heart failure was defined as the need for infusion of an inotrope or vasopressor (dopamine, adrenaline, dobutamine, noradrenalin or phenylephrine), or a combination thereof, at a dosage equivalent to that of dopamine (>5 µg/kg/min), more than 6 h after surgery. Heart rhythm disturbances were defined as any clinically apparent heart rhythm disturbances (atrial fibrillation or the need for temporary pacing or further implantation of a pacemaker, ventricular tachycardia and ventricular fibrillation) that developed after surgery, but during the hospital stay. Mediastinitis was diagnosed when suppurative discharge appeared from the mediastinum, and a patient had one of the following symptoms: (i) an increase in body temperature over 38°C; (ii) chest pain and (iii) sternal instability. Postoperative sternal wound infections were diagnosed when (i) the growth of pathogenic flora in the deep soft-tissue culture was acquired in aseptic conditions (including fascia and muscular layer) except the discharge culture from the mediastinum, (ii) suppurative discharge from the deep postoperative wound, (iii) spontaneous sternal wound dehiscence or surgical wound opening because of infection, (iv) body temperature over 38°C or (v) chest pains were observed. Pneumonia was diagnosed based on a combination of physical signs (cough, fever, chest pain and tachypnea) and chest X-ray (lung consolidation). Urinary tract infection was diagnosed based on positive culture from urine combined with initiation of treatment.
Normality of distribution was verified using the D'AgostinoPearson test. Non-parametric quantitative data are presented as medians with the 25-75 interquartile range in brackets. Quantitative characteristics are presented as numbers for each category with percentage in brackets. Odds ratio (OR) was used to measure the association between characteristics of adverse clinical course and nutritional screening results. To assess the predictive value of different perioperative factors with regard to postoperative complications, univariate and multivariate backward logistic regression analyses have been performed. Statistical data analysis employed standard methods [11] using MedCalc Statistical Software 12.1.0 (MedCalc Software, Belgium) [12] . A two-sided P-value <0.05 was considered statistically significant.
RESULTS
Coronary artery bypass grafting (CABG) was performed in 561 patients, heart valvular repair/replacement (HVR) was performed in 507 and 125 underwent combined (CABG and HVR) surgery. Baseline clinical characteristics are presented in Table 2 . It should be noted that the overwhelming majority of patients exhibited an LVEF of >35%. It was not surprising to find patients with postoperative complications being older, with a higher proportion of females and redo surgery. All of these characteristics were included in EuroSCORE, which was also higher among patients with complications.
Nutritional screening with the five tools gave varying results. Among the general population, the greatest number of malnourished patients or patients at risk of malnutrition was detected by MNA (20%; Table 3 ). MUST and SNAG detected fewer malnourished patients: 16.9% had a medium or high risk of malnutrition according to MUST and 15.8% were moderately or severely malnourished according to SNAQ. Malnutrition was detected in only 7% of the cohort according to NRS-2002. SGA had the lowest level of detection of malnutrition. Using this tool, malnutrition was found in only 5% of all patients. Among patients with heart valve disease, malnutrition was found to occur on average three times more often than in those with coronary atherosclerosis.
There were 33 (2.8%) in-hospital deaths, and various complications were observed during hospitalization in 499 (41.8%) patients (Table 4) . One patient died on ward suddenly due to lifethreatening arrhythmia. Another 21 patients died in ICU because of the development of multiorgan failure due to haemorrhagic shock (5 patients), acute myocardial infarction (8 patients), cerebrovascular accidents (6 patients) and ventricular fibrillation (2 patients). Another 11 patients died in ICU due to the development of postoperative multiorgan failure. Malnutrition identified by SNAQ was significantly associated with the development of postoperative complications and prolonged hospitalization (Table 5 ). Malnourished patients detected by MUST had a high In accordance with univariate logistic regression analysis, logistic EuroSCORE and CPB time were predictive of postoperative complications (OR 1.08, 95% CI 1.05-1.11; P < 0.0001 and OR 1.01, 95% CI 1.01-1.02; P < 0.0001), prolonged ICU stay (OR 1.08, 95% CI 1.05.1.1; P < 0.0001 and OR 1.01, 95% CI 1-1.01; P < 0.0001) and prolonged hospitalization (OR 1.1, 95% CI 1.07-1.14; P < 0.0001 and OR 1, 95% CI 1-1.01; P < 0.0001). According to the results of multivariate analysis, EuroSCORE, CPB time and malnutrition detected by MUST and MNA are significantly associated with postoperative complications (Table 6 ). It should be emphasized that SNAQ and NRS-2002 were not independently associated with the development of postoperative complications. However, with regard to prolonged ICU stay, only NRS-2002 and SGA were independently predictive (Table 7) . Prolonged hospitalization was not independently predicted by any nutritional screening tools.
DISCUSSION
Malnutrition has been reported to increase morbidity and mortality after cardiothoracic interventions. However, assessing nutritional status in patients before cardiac surgery can be quite challenging [13] . Nutritional screening is a simple tool that allows the quick and effective identification of the group of patients at high risk of malnutrition. The nutritional status of these patients should be assessed carefully, and perioperative nutritional intervention should be performed if needed. Comparative analysis of screening tools has been performed in various patient populations [14] [15] [16] . Many such studies have focused on elderly patients [17] . In most published studies, nutritional status among cardiac patients is assessed by anthropometric and laboratory parameters [13] . To our knowledge, this study is the first to comparatively evaluate nutritional screening tools for cardiac surgery populations.
It is not surprising to find malnutrition to occur on average three times more often among patients with heart valve diseases than in patients with coronary atherosclerosis. Heart valve diseases are associated with profound haemodynamic alterations and inflammatory responses [18] . Moreover, overweight is a common finding in patients with coronary atherosclerosis.
Among all tested screening tools, MUST and MNA demonstrate a significant association with all of the analysed adverse clinical characteristics (the rate of postoperative complications, ICU stay >2 days and prolonged hospitalization) similarly. Furthermore, both of these tools are independently associated with postoperative 
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V.V. Lomivorotov et al. / Interactive CardioVascular and Thoracic Surgerycomplications along with generally accepted preoperative factors, summarized in EuroSCORE and surgery-associated factor-duration of CPB. This finding leads to the assumption that preoperative nutritional support will reduce postoperative complications in the cardiac surgery population. However, this task needs to be supported in future trials. Taking into account the comparable prognostic value of the two nutritional screening tools (MNA and MUST) and rather complex nature of MNA, we recommend the MUST tool for nutritional screening in cardiac surgery. Some of the screening tools included in our study have been studied previously in patients with cardiovascular pathology. Yamauti et al. [19] detected a rate of 51.9% malnutrition among hospitalized patients with congestive heart failure. However, most of the patients (74%) in that study had decreased LVEF (<50%), whereas our study includes only 200 (17%) patients with an LVEF of <50%. SGA depends considerably on the interviewer's training and the interpretation of the collected data. Thus, the subjectivity of SGA makes it less reproducible in daily clinical practice. It has repeatedly been indicated that SGA may fail to identify acute nutritional changes and can miss some cases of malnutrition [20] . Moreover, in light of the fluid retention observed among cardiac patients, it is difficult to interpret the history of weight loss and anthropometric data.
The prognostic impact of malnutrition assessed by MNA on long-term mortality in hospitalized patients with decompensated heart failure was studied by Bonilla-Palomas et al. [21] ; in their study, 13% of patients were classified as malnourished, and 59.5% were at risk of malnutrition. The authors found a significant impact of malnutrition on survival. Notably, patients who underwent surgery to correct the cause of heart failure were excluded from that study. The accuracy of two quick and easy undernutrition screening tools-MUST and SNAQ in detecting undernutrition measured by a low-fat free mass index-was studied by van Venrooij et al. [22] . MUST demonstrated higher sensitivity in relation to the detection of patients with a low-fat free mass index. As far as we know, NRS-2002 has not been studied in patients with congestive heart failure.
Unfortunately, our study does not clarify the more clinically relevant question of how to deal with malnutrition-whether preoperative and postoperative nutritional intervention would improve the outcome and how it should be performed. Specific guidelines on preoperative nutritional support in cardiac surgery are lacking. It is known that preoperative nutritional support of cardiac patients by the use of continuous nasoenteric feeding for 2 weeks can be safely performed and improves nutritional parameters [23] . The European Society of Parenteral and Enteral Nutrition (ESPEN) recommends preoperative nutritional support for 10-14 days prior to major surgery for patients with severe nutritional risk [24] . Whenever feasible, the enteral route should be preferred and administered before admission to the hospital. Routine polymeric or high-protein formulae can be used with sodium and volume restriction according to the patient's clinical situation [25] .
Our study has other limitations. Precise analysis of body composition using bioelectrical impedance methods could give more accurate data of nutritional status. One-year mortality and longterm outcome data (>5 years) were also not analysed.
In conclusion, MUST is the most reliable nutritional screening tool for patients undergoing cardiothoracic surgery. Nutritional screening results have independent prognostic value with regard to postoperative complications. The issue whether preoperative nutrition therapy would improve the outcome among malnourished cardiac patients needs to be studied.
